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BEST AVAILABLE COPY 



THIS PAGE BLANK <yspto> 




i^Rec'dPGTTFTO nr 6 JAN 2005 




WO 2004/006851 



PCT/US2003/022011 



Mycoplasma gallisepticum Formulation 



Background of the Invention 



(1) Field of the Invention 



The present invention relates generally to poultry protection, in particular to a 



5 Mycoplasma gallisepticum (MG) protective formulation. 
(2) Description of the Prior Art 

Mycoplasma gallisepticum, a pathogen of the avian respiratory tract, belongs to the 
class Mollicutes, order Mycoplasmatales, and family Mycoplasmataceae. Under certain 
circumstances, MG may be associated with acute respiratory disease in chickens and 

10 turkeys, especially in young birds, with the turkey being more susceptible. It can also cause 
upper respiratory disease in game birds. Edematous changes early in infection indicate an 
immunopathological response may be responsible for some of the pathology observed. 
More recently it has been recognized as a cause of conjunctivitis in house finches in North 
America. The severity of the disease is greatly affected by the degree of secondary 

15 infection with viruses such as Newcastle disease and infectious bronchitis, and/or bacteria 
such as Escherichia coli. A more chronic form of the disease may occur and can cause 
reduced egg production in breeders and layers. The infection is spread vertically through 
infected eggs and horizontally by close contact. Other methods of spread are less well 
documented. MG can be detected in two ways. The presence of MG can be confirmed by 

20 isolating the organism in a cell-free medium or by detecting its DNA directly in infected 

tissues or swab samples. When results are equivocal, chicken embryos or chickens may be 
inoculated with suspect material. Infection is diagnosed by demonstration of the organism 
or its DNA or by the detection of specific humoral antibodies. 



25 tissue homogenates. Culture may also be attempted from aspirates from the infraorbital 



Samples for isolation consist of swabs of organs or tissues, exudates or diluted 
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sinuses or joint cavities and from yolk or embryos. The sample selected will be influenced 
by the clinical signs and by any lesions present. Broth and agar are used for isolation, but it 
is normally necessary to obtain mycoplasma colonies on agar before attempting 
identification. If there is difficulty, an initial passage of the material through mycoplasma- 
5 free chicken embryos or mycoplasma-free chickens may be helpful. 

Although some basic biochemical tests can be helpful in preliminary classification 
of mycoplasma isolates, final identification must be by serological or DNA tests. The most 
satisfactory of these are PCR, the fluorescent antibody test, and the immunoperoxidase test. 
DNA detection methods, mainly based on the polymerase chain reaction, have come 
10 into use in specialized laboratories. A commercial kit has been marketed in several 

countries and can be used to detect field strains and to distinguish them from the vaccine F 
strain. 

Several serological tests have been used to detect MG antibodies, but specificity and 
sensitivity have been lacking to some degree in all of them. They are more satisfactory for 
15 flock screening than for testing individual birds. The most commonly used are the rapid 
serum agglutination (RSA) test, the enzyme-linked immunosorbent assay (ELISA) and the 
hemagglutination inhibition (HI) test. In the RSA test, sera from individual birds are tested 
for agglutination using commercially produced stained MG antigen. Chicken or turkey sera 
that yield agglutination reactions with the antigen within 2 minutes should be heated at 
20 56°C for 30 minutes and retested. Sera that still react, especially when diluted, are 
considered to be positive. These may then be confirmed by an ELISA or a HI test. 

Mycoplasma gallisepticum (MG) can cause significant economic loss in chickens 
and turkeys due to chronic respiratory disease, downgrading of carcasses in meat-type birds 
and loss of production in layers. Sporadic outbreaks, having important economic 
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consequences, occur in turkeys and broiler chickens, and remain a costly enzootic infection 
in commercial egg layers. 

Although the preferred method of MG control is maintenance of MG- free flocks, 
both live and inactivated vaccines have been used. 

Vaccines can, in principle, be divided into two groups, i.e. live (attenuated) vaccines 
and inactivated vaccines. The advantages of live vaccines include the presentation of all 
the relevant immunogenic determinants of an infectious agent in its natural form to the 
host's immune system, and the necessity of a relatively small amount of the immunizing 
agent, because of its inherent property to multiply in the vaccinated host. A major 
disadvantage of a live vaccine is a concern with its safety: a live vaccine may induce 
disease (in immunocompromised) animals, or the live microorganism may even revert to 
virulence, as a result of which animals experience a virulent infection. 

The disadvantage concerning the safety aspect is not displayed by inactivated 
vaccines and, hence, constitutes the major advantage over live vaccines. However, a major 
disadvantage of inactivated vaccines is represented by their intrinsically low 
immunogenicity, i.e. inactivated immunogens as such have a limited ability to trigger the 
host's immune system. Therefore, appropriate means are necessary to augment the 
immunogenicity of these inactivated immunogens. This type of vaccine normally requires 
adjuvants with significant immunostimulatory capabilities to reach a minimum potential in 
preventing disease. Thus, the desirability of additional immunostimulators for use in 
combination with inactivated immunogens in order to augment their inherently low 
immunogenicity is evident, in particular immunostimulators which are applicable to more 
than one immunogen. 

MG vaccines represent an unusual isituation in that they are not recognized for 
general widespread use in poultry. They are generally used in birds of multiple-aged egg- 
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layer sites to prevent egg production losses caused by wild-type strains. This is important 
because once the MG infection is present in a flock it remains permanently. Currently 2/3 
of commercial layers are vaccinated in the United States. Internationally, there is high 
demand for live vaccines. In countries such as Australia the entire broiler breeder 
replacement stock is vaccinated using live vaccines. 

In current practice, prophylactic immunization of fowl against MG related disease 
involves either controlled exposure to attenuated vaccine strains, or the use of inactivated, 
whole cell oil emulsion vaccines. Each of these approaches has certain disadvantages. For 
example, live vaccines can produce disease or impair reproductive function. Inactivated 
vaccines, while generally effective in preventing disease in immunized birds, do not 
reliably prevent infection, and may allow spread of infection and disease to unvaccinated 
birds. 

In the US, vaccination is generally used only on multi-age sites where it is 
inevitable that flocks will become infected. The usual purpose of vaccination is to prevent 
egg production losses in commercial layers, although vaccines may also be used to reduce 
the level of egg transmission in breeding stock or as a tool for MG eradication on multi-age 
production sites. It is important for either live or killed vaccine to be administered before 
the flock is exposed to field infection with MG. 

Available live vaccines are generally produced from the F strain of MG, and, more 
recently, strains ts-1 1 and 6/85, which are nonpathogenic strains with improved safety 
characteristics. Administration of the F strain by the intranasal or eyedrop route is 
preferred, but aerosol or drinking water administration may be used. The eyedrop method 
is recommended for ts-1 1 , while a fine spray is recommended for 6/85. Pullets are 
generally vaccinated between 12 and 16 weeks of age. A single dose is sufficient and 
vaccinated birds remain permanent carriers. Long-term use of the F strain on a multi-age 
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site results in displacement of the field strain with the vaccine strain. F strain displaces 
virulent wild-type MG strains more efficiently than 6/85 or ts-1 1, but ts-1 1 has been 
successfully used to eradicate F strain MG in multi-age commercial layers. Multi-age 
production sites are also known to test serologically negative for MG after long-term use cf 
5 6/85. The F strain is fully virulent for turkeys. 

U.S. Patent No. 5,064,647 issued on November 12, 1991, to Paul K. Storm is 
directed to a Mycoplasma vaccine based on the 6/85 strain. The 6/85 strain is attenuated by 
serial passage in media. For chickens it is extremely attenuated. While 6/85 may be used 
effectively in chickens it does not retain its attenuated state in turkeys. 

10 Ts-1 1, on the other hand, is a temperature-sensitive mutant that has been chemically 

mutagenized. It is used universally in Australia, Latin America and Asia. It is also used in 
2/3 of the United States market. Like 6/85, ts-1 1 is useful for vaccination of chickens 
against MG but not useful for vaccinating turkeys. 

Current live MG vaccines are thus problematic. F-strain is virulent in turkeys. And 

15 attenuation of both 6/85 and ts-1 1 is unstable because the vaccine strains have unstable 
genomes that revert to virulent disease-causing wild-type. But, over time the turkeys 
outgrow the vaccines and the virulent field MG infection takes over. As such current live 
MG vaccines are not permitted in states such as North Carolina and Minnesota with large 
turkey populations. The country of Israel, as well, disallows the use of live MG vaccines. 

20 Also, the 6/85 and ts-1 1 strains do not persist in chickens. In fact, prior art teaches 

away from persistence as a protective mechanism. US Patent 5,064,647 issued to Paul K 
Storm on November 12, 1991 teaches that a benefit of strain 685 is that the strain is no 
longer detectable in chickens 4 weeks after inoculation. Eventually the wild-type strain 
returns causing disease and loss of production. On the other hand, less attenuated live 
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vaccine strains do no, adequately proven, ,he disease, Thus .here appears ,„ be an inverse 
relationship between persistence of fte vaccination and mildness of the disease. 

An alternative ,o vaccination will, live organisms for preventing MG is .he use of 
bacterins. Bacterins consis. of a concentrated suspension of MG organisms in an oil 
5 emulsion. These are ordinarily administered ,o growing pnllets a, 12-16 weeks of age. 
They are administered parenteral*, usually subcutaneous* in the neck. Although two 
doses are desirable, a single dose is usually given because of cos, and labor considerations. 
Bacterins are effective in preventing egg-produotion losses and respiratory disease, bu, they 
do no, prevent infection wilh wild-type MG. 
■0 Thus, .here remains a need for a safe and efficacious fommlation ,o pm.ee, birds 

susceptible .o MG. Optimally me formulation should include a live s«rain ,ha. persist ye, 
causes minimal pamology in bom chickens and tiu-keys. The proteotive formulation should 
also be s.able and non-virulen. in turkeys. The presen. invention solves mis longslandmg 
need. 

15 Summary of the Invention 

The presen, invention is directed «o a vaccine having an MG protective formulation 
formed from me MG stiain K5054 deposited a, «h. American Type Cutare Collection 
(ATCC) 10801 University Blvd., Manassas, Va. 201 10-2209 USA, Paten, Deposi, 
Designation PTA-4507, for application ,o birds of me Galliformes order. In me preferred 

0 embodiment a protective amount is administered «„ a bird. Thus one aspec, of me presen, 
invention is to provide a protective fomu.la.ion for birds of me order Gallifonnes 
comprising a pm.ec.ive amoun, of a MycopU^na ga ,m epticum bacteria| stnjfa ^ % 
RAPD pahern substentially corresponding ti> a, leas, one of me band panems of K5054, as 
deposited a, me ATCC, Paten, Deposi. Desigmmon PTA-4507, as shown in Figures 1, 2, 

1 -°3,wheremmebandpa,temofK5054i„Figure 1 is generated using as a primer SEQU. 
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ID NO: 4, wherein the band pattern of K5054 is generated using as primers SEQ. ID NO. 5, 
SEQ. ED NO: 6, and SEQ. ID NO. 7, wherein the band pattern of K5054 is generated using 
as a primer SEQ. ED NO: 8, and a pharmaceutical^ acceptable carrier. 

Another aspect of the present invention is to provide a vaccine for birds of the order 
5 Galliformes comprising a protective amount of a Mycoplasma gallisepticum bacterial strain 
having a RAPD pattern substantially corresponding to at least one of the band patterns of 
K5054, as deposited at the ATCC, Patent Deposit Designation PTA-4507, as shown in 
Figures 1, 2, and 3, 

wherein the band pattern of K5054 in Figure 1 is generated using as a primer SEQ. ID NO: 
10 4, wherein the band pattern of K5054 is generated using as primers SEQ. ID NO. 5, SEQ. 

ID NO: 6, and SEQ. ID NO. 7, wherein the band pattern of K5054 is generated using as a ,. 

primer SEQ. ID NO: 8, and a pharmaceutical^ acceptable carrier. 

Still another aspect of the present invention is a method for protecting a bird of the 

order Galliformes against Mycoplasma gallisepticum, including administering a non- 
15 immunopathogenic Mycoplasma gallisepticum strain to a bird after the bird hatches, such 

that the strain persists in the respiratory epithelium of the bird and excludes other 

Mycoplasma gallisepticum strains from the respiratory epithelium. 

Yet another aspect of the present invention is a method of administering the vaccine 

to a bird. Preferably, the vaccine is administered to a bird's respiratory mucosa. More 
20 preferably, the protective formulation is administered to chickens. Additionally it may be 

administered to turkeys. 

These and other aspects of the present invention will become apparent to those 

skilled in the art after a reading of the following description of the preferred embodiments. 

Brief Description of the Drawings/Figures 
25 Figure I is a RAPD gel using Charlton's primer. 
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Figure 2 is a RAPD gel using three Fan's primers: M16SPCR5', M13F, S10LIG03'. 

Figure 3 is a RAPD gel using Geary's 1 254 primer. 

Figure 4 is a table showing experimental results. 

Figure 5 is a table showing experimental results. 
5 Figure 6 is a table showing experimental results. 
Figure 7 is a table showing experimental results. 
Figure 8 is a table showing experimental results. 
Figure 9 is a table showing experimental results. 
Figure 10 is a table showing experimental results. 
1 0 Figure 1 1 is Table 4.1. Backpassage. 
Figure 12 is Table 4.2. Backpassage. 

Figure 13 is Table 5.1. Persistence and Duration of Immunity. 
Figure 14 is Table 5.2. Persistence and Duration of Immunity. 
Figure 15 is Table 6.1. Transmissibility. 
15 Detailed Description of th* Preferred F.mh ft rii m .,>, 

The present invention provides MG bacteria and derivatives therefrom. The MG 
bacteria and derivates thereform according to the invention originate from a passerine strain 
of MG originating from the house finch Carpodacus mexicanus. The strain, now 
designated K5054, was discovered during an atypical MG outbreak at a commercial turkey 
20 operation. Unlike normal MG outbreaks in turkeys, in this particular outbreak few signs of 
disease appeared. This included sinusitis in breeders as well as serological evidence of 
infection using ELISA. 

In the early stages of this infection, serum plate agglutination (SPA) and 
hemagglutination inhibition (HI) failed to detect Mycoplasma gallisepticum. Tracheal 
25 swab cultures and PGR also gave equivocal results and failed to confirm the infection. To 

8 
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enhance the likelihood of obtaining an isolate and to observe the effects of infection, a 
bioassay was conducted. Susceptible turkeys were inoculated with sinus fluids and 
monitored for disease and serology. All birds seroconverted, but no clinical signs of 
disease were observed. However, a single bird exhibited a slightly inflamed sinus. Sinus 
5 exudate from this turkey was collected and then inoculated into growth media. Strain 
K5054 was thus isolated in this fashion. 

DNA fingerprinting by the Random Amplified Polymorphic DNA (RAPD) 
technique and sequencing indicated the strain to be similar to MG strains in house finches 
but dissimilar to prior art vaccine strains. RAPD patterns of strain K5054, house finch MG, 

10 and the vaccine strains (TS-1 1, 6/85), and field strains (F), and virulent MG strain (R), are 
shown in Figures 1, 2 and 3. S6 is an MG strain used as antigen in the plate agglutination 
test. A5969 is an MG strain used as antigen in the hemagglutination inhibition test. For the 
RAPD technique, three different sets of primers were used. The SEQUENCE LISTING is 
hereby incorporated by reference. In RAPD #1 as seen in Figure 1 the primer used was 

15 SEQ. ID NO: 4. In RAPD #2 as seen in Figure 2 the primers used were SEQ ID NO: 5, 
SEQ ID NO. 6, and SEQ. ID NO. 7. In RAPD #3 as seen in Figure 3 the primer used was 
SEQ ID NO. 8. 

In Figure 1, the band pattern between House Finch strain (Lane 2) and K5054 (Lane 
3) are similar, except that the most predominant PCR product in K5054 is slightly smaller 

20 than the corresponding House Finch PCR product. This same product is of an even smaller 
molecular weight in the vaccine strains. In Figure 2, the band patterns between House 
Finch strain (Lane 1) and K5054 (Lane 2) are similar, although K5054 is missing 2 major 
bands, at approximately 700 kb and 2000 kb, present in the House Finch strain. The other 
band patterns representing other field or vaccine strains differ more from the House Finch 

25 pattern than K5054. In Figure 3, the RAPD pattern of the House Finch strain (Lane 2) and 
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K5054 (Lane 3) are similar, bu, differ ftom the other MG steams. These resuUs identify 
K5054 as a steam probably denved ^ House Fjnch M& ^ ^ ^ ^ ^ ^ 

strain differs ftom other MG steams seen as me vaccine strains ,, ^ me RM 
strain (F), the virulent MG strain (R), a„ d me m6gm stains g6 ^ A5969 
5 Partial DNA sequencing of three key genes demonstrated homology between the 

K5054 strain and the current vaccines strains. The mree genes are me PvpA surface 
cytadhesin, the surface ,ipop ro ,.in gene, and the mgcl/GapA cytodhesin gene, respective* 
Sequence ID NO: 1, Serene ID NO: 2, and Sequence ID NO: 3. The GapA gene 
sequence in K5054 demonstrated 100% homology with mat of 6/85. The PvpA surface 
•0 cytadhesin gene sequence showed 97.3% homology with that of 6/85, 92.6% homology 
with ma, of te,,, 95.2% homology „i«h the F steain, and 98.2% homology with me HF51 
strain. The surface lipoprotein gene sequence showed 97.3% homology with .ha, of 6/85, 
97.9%wim,ha,of te -n,97.0%wimma,„fU,eF s „ain,and .00%wimd KOT 5, sftain. 
The MG protective formulation of me presen, invention is intended for use in birds 
15 of the Ga.nfo.mes mder. These include bu, are no, limited chickens and turkeys. Chickens 
include tenders, reproduction stock and laying stock. Turkeys include repreduction stock 
and birds for consumption. The protective foliation protecK bWs by ^ ^ ^ 
vaccine ,0 stimulate protective immunity and by pereisting in the respire^ mucosa, 
especially in me upper respire^ teac, of me vaccinal birds and Urns exduding virulen, 
20 field strains from co.oni.ing Otis area until ,be birds immune and innate resistances are 
adequate ,0 exclude these slrains from ,he respiratory mucosa by themselves 

A prefereed embodimen, of <he invention is an MG protective fonuulation fmrned 
from sfrain K5054 deposited witi, the ATCC, Paten, Deposi, Desigmtion PTA-4507, on 
June 27, 2002 for birds of the Gallifom.es order. In a preferred embodimen,, U,e pre,ec«ve 
25 fonnnlation is used in chickens. In another prefereed embodimen,, tee protective 

10 
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formulation is used in turkeys. Strains with characteristic serological properties as the said 
K5054 strain also belong to the invention. This includes passerine infectious strains 
isolated from house finches. More particularly, strains that are derived from the K5054 
strain and retain its particularly favorable protective properties belong to the invention. 
5 Preferably the organisms used in the formulation are live. 

In one preferred embodiment a protective amount is that amount of MG strain 
required to colonize the upper respiratory tract of a bird for a sufficient period to provide 
protection against invasion by virulent wild-type strains. In general, the MG strain 
according to the present invention needs to colonize the bird's respiratory tract. Optimally, 

10 the MG strain should persist in the bird's respiratory tract for at least one year. However, 
short colonization periods are still useful. For example, colonization of the bird's 
respiratory tract for even 8 weeks provides protection. In another preferred embodiment - 9 
such protective amount is about 1 drop per eye per bird, 1 drop being approximately 0.05 
ml, at a concentration of between about 1 x 10 3 and about 1 x 10 6 color-changing units/ml 

15 (ecu/ml). This is equivalent to about 50 to about 50,000 ecu/bird. In an even more 

preferred embodiment, such protective amount is about 1 drop of a 1 x 10 5 ccij/ml solution, 
corresponding to about 5,000 ecu/bird. 

The present invention further includes a method for protecting a bird by 
administering the MG protective formulation described herein to birds after hatching. 

20 Preferably, the formulation is administered during the about first 1 8 weeks after hatching. 
More preferably the formulation is administered about at least two weeks after hatching. 

The formulation according to the present invention is in a form suitable for 
administration to the respiratory mucosa. Respiratory mucosal administration means that 
the formulation is administered such that it is immediately or eventually brought into 
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comae, with the bira , respiratoIy mucosa , membranes Theref . re _ ^ foirauiatjon ^ ^ 
applied intranasal*, orally, and/or intraocular*. 

In a preferred embodiment of the invention, the formulation for intranasal or oral 
administration is in a form suitable for administration by spray, inCuding aeroso,, or 
5 drinking water, respective.y. With these delivery systems, which a re ,ess efficient man 
eyedrop delivery, the actual quantity delivered to eaeh bird is less than via eyedrop 
delivery. Although administration on an individua. bird basis is possible according to me 
present invention, the fixation is prefer ably administered by an inexpensive mass 
application route commonly used for protecting birds tan MO, which provides a 
0 commercially efficient means for administration. 

The spray or aerosol method according to the present invention involves the 
administration of the MG formulation acceding to the present invention incorporated in 
smal. Htmid particles. In tire fonner method, parades usually have an initial dn.p.e, size 
ranging from between about .0 ,o about , 00 microns and in the later method fiom between 
about <1 ,„ about 50 micron, For me generation of the sn^, partic.es, conventional spray- 
apparatus and aerosol generators can be used, such as the commercially available spray 
general for knapsack spray, hatchery spray and atomis, spray. Also administration of the 
formation through drinking water can be earned on, using conventional appa^tus. 

The fotmulation according ,„ the ^ ^ ^ MG bacteria can 

be prepared and marketed in the form of a suspension or in a lyophilized form and 
additionally can contain a pharmaceutical* acceptable carrier or dihten, customarily used 
for such composition, Camera include stabilizes, preservatives and buffers common* 
known i» me art. The fotmulation is frozen for storage, preferably a. -70 C° for optimal 
storage. Glycerol may be added to the cultura media «o enhance stability when frozen. 
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In a preferred embodiment, between about 50 and about 50,000 ecu of the vaccine 
according to the present invention are administered to a bird. More preferably, about 5,000 
ecu of the formulation are administered to a bird. In another embodiment, at least one 
booster vaccine is administered to the bird at a later time, e.g. between about 12 weeks and 
5 about 20 weeks after the initial vaccine administration, if necessary. 

Using the live K5054 MG strain deposited with the ATCC, Patent Deposit 
Designation PTA-4507, and derivatives thereof advantageously provides a live vaccine that 
persists as a competitive exclusion agent protecting the birds from invasion by wild-type 
strains. Experimental results in chickens and turkeys show the K5054 strain persists, is 
10 non-immunopathogenic and causes minimal disease, and is safe and efficacious, thereby 
effectively providing a competitive exclusion agent effect. Strains that have similar 
identifying and functional characteristics to strain K5054 are included in the scope of the 
present invention. Such strains include derivatives of K5054 and field isolates that have 
mutated naturally or artificially due to serial passage. These derivatives do not depart from 



1 5 the nature of the invention and are contemplated herein. 
Protocol for growing Mg strain 

MG according to the present invention can be grown in culture according to the following 
protocol: 



20 Mycoplasma broth base 22.5 g 
Dextrose 3 g 
Swine serum 120 ml 
Yeast Extract 35 ml 
Phenol red (1%) 2.5 ml 



Medium: 



Frey's medium for the isolation of avian mycoplasmas. 
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Thallium acetate (10%) A 6 ml 
Ampicillin 1 g/liter A 

Combine reagents and q.s. ,o 1000 ml with distilled water A - Thallium acetate and 
ampicillin can be omitted when working with pure MG outturn such as in commercial 
5 vaccine production. 

Adjust pH * 7.8 with 20% NaOH and fitter sterilize. Ofter growth factors and 
preservatives can be used instead of toe ones listed above without departing from toe scope 
of the invention. 

For agar medium use 1% of a purified agar such as ion agar #2, Noble agar, or 
0 Difco purified agar. All components except serum and ampicillin are sterilized by 

autoclaving at 121 C for 15 mi, Cool to 50 degrees Centigrade and aseptically add serum 
and ampicillin, which have been pre-sterilized by filtration and wanned to 50 C. Mix and 
pour plates to a depth of approximately 5 mm. 

The following Examples are illustrative of the present invention but are not intended 
to limit the invention thereto. 
Example T; Turkey, Bioassay 

Susceptible turkeys were inoculated with sinus exudate from four different affected 
commercial turkey flocks. An MG isolation was made from one of toe exudates used to 
challenge the turkeys, it was designated K5054. 

Turkeys challenged with sinus exudate from one of the fanns (K5054) had very 
mild clinical signs (one of eight turkeys developed a unilateral sinusitis 42 days post- 
inoculation) and mild lesions; they seroconverted and developed immunity to subsequent 
challenge with a virulent MG strain. 
Example II 
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TRIAL A 

Four groups of 8 turkeys were challenged with sinus exudate collected from affected 
commercial turkeys on 4 different farms, one farm having K5054 exudate. A fifth group 
served as negative controls. The turkeys were observed for clinical signs, bled for serology, 
5 and tracheal swabs were obtained for mycoplasma culture. The results of this experiment 
are shown in Figure 4. 

At 49 days post-challenge, the K5054 sinus exudate inoculated birds (8 principals) 
were co-mingled with susceptible turkeys (8 contacts). They were observed for clinical 
signs, bled for serology, and tracheal swabs were obtained for mycoplasma culture after co- 
10 mingling. Two of the contact turkeys were necropsied 56 days post-challenge. 

The group inoculated with K5054 sinus exudate was the only group that 
seroconverted. They were positive at 21 days post inoculation and remained positive until 
the end of the study. One of eight turkeys inoculated with K5054 sinus exudates exhibited 
a unilateral sinusitis at 49 days post inoculation. K5054 was re-isolated from the sinus 
15 exudate of that turkey. This was the only re-isolation of K5054 during the study. The 
results show persistence of and mild disease symptoms caused by the K5054 strain in 
turkeys. 
TRIAL B 

The remaining turkeys, 8 principals and 6 contacts, from Trial A were used in Trial 

20 B. Eighty-eight days after the K5054 sinus exudate inoculation, 7 of the turkeys (4 

principals and 3 contacts) were challenged with R strain of MG by aerosol. The 7 

remaining turkeys (4 principals and 3 contacts) were used as controls. All of the turkeys 

were necropsied 10 days after the R strain challenge. They were bled for serology, and 

tracheal and air sac swabs were obtained for culture. Tracheal sections were fixed in 

25 formalin for tracheal mucosa thickness measurements. 

15 
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The result of Trial B are summarized in Figure 5. The turkeys thai were previous* 
inoculated with K5054 had no air sac lesions following challenge with R strain. The mean 
tracheal mucosa thickness for these turkeys was also significantly !ess man the challenge 
controls and no. significantly different from the unchallenged mrkeys. R strain was not re- 
isolated from these mrkeys after challenge. The results show that K5054 pmtects mrkeys 
against MG infection. 
Example f IT 

Inoculation with K5054 sinus exudate resulted very little clinical reaction in the 
turkeys in the bioassay. To further explore the safety of the K5054 strain preliminary 
investigations were conducted in chickens and turkeys. The birds were challenged by 
coarse spray with K5054 propagated in Frey's medium. 

K5054 challenge in chickens and turkeys resulted in seroconversion with few 
indications of disease. 
Trial 1: Safety in chickens 

Commercial layer-type chickens were challenged with K5054 by coarse spray, ts- 
1 land R strain. They were evaluated by serology, gross evaluation of air sac lesions and 
measurement of the thickness of the tracheal mucosa 10 days post challenge. The results of 
this experiment are depicted in Figure 6, and Figure 7. 

Experimental Design 



Group 



Ts-11 



K5054 
R 



Negative Controls 



Number of 
Birds 



16 



16_ 
16 



16 



Challenge Method 



Eyedrop 



Coarse spray 



Coarse 



NA 



spray 



Titer (ecu/ml) 



1.11 x 10 4 



1.59 x 10* 



1.91 x 10* 
NA 
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The Ts-1 1 and K5054 groups both resulted in no gross air sac lesions. The mean 
tracheal mucosa thicknesses for these groups were not significantly different from the 
negative controls but significantly less than the challenge controls. 
Trial 2: Safety in turkeys 

Turkeys acquired from a commercial source were inoculated with K5054 and R 
strain by coarse spray at 4 weeks of age. They were necropsied 10 days later along with a 
negative control group. The results are depicted in Figure 8. 



Experimental Design 



Group 


Number of 
Birds 


Challenge Method 


Titer (ecu/ml) 


K5054 


15 


Coarse spray 


7.74 x 10* 


R 


15 


Coarse spray 


8.42 x 10 8 


Negative Controls 


15 


NA 


NA 



10 

The mean air sac lesion score and mean tracheal mucosa thickness for the K5054 
group were significantly less than the challenge controls and not significantly different from 
the negative controls. 
Example IV: Efficacy 

15 Turkeys in the bioassay that were inoculated with K5054 sinus exudates and later 

challenged with R strain showed excellent protection against disease. The efficacy of 

K5054 as a live vaccine for MG was evaluated by challenging chickens and turkeys that 

had been previously inoculated with K5054 with a virulent MG strain (R). 

Vaccination with K5054 resulted in a significant reduction in MG lesions associated 

20 with disease following challenge with R strain. 
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Trial 1: Efficacy in Chickens 

Commercial layer-type chickens were inoculated with K5054 or ts-1 1 . They were 
challenged 5 weeks later with R strain (coarse spray). 10 days post challenge they were 
evaluated by serology, gross evaluation of air sac lesions and measurement of the thickness 
of the tracheal mucosa. The experimental design is depicted below. The results of this trial 
are depicted in Figure 9. 

Experimental Design: 



Vaccine 


Challenge 


2£°up Number of RirH* 


Ts-11 


R 


Ts-11 Challenged 


40 


No Challenge 


Ts-11 Controls 


10 


K5054 


R 


K5054 Challenged 


40 


No Challenge 


K5054 Controls 


10 


No vaccine \ 


R 


Challenge Controls 


40 


No Challenge 


Negative Controls 


32 



The Ts-1 1 and K5054 groups resulted in mean air sac lesion scores that were 
significantly different from the challenged controls. The mean tracheal mucosa 
measurements for the vaccinated groups were also significantly different from that of the 
challenge controls but not significantly different from the negative control group. 
Trial 2: Efficacy in turkeys 

18 turkeys previously vaccinated with K5054 were challenged with R strain (1.38 x 
10' ecu/ml) by coarse spray 6 weeks post vaccination. They were necropsied 10 days later 
along with a negative control group. The turkeys were evaluated by serology, air sac lesions 
and tracheal mucosa thickness. The results of this trial are depicted in Figure 10. 

The mean air sac lesion score and mean tracheal mucosa thickness for the group 
inoculated with K5054 were significantly different from the challenged controls but not 
from the negative controls. 
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The following Examples are further illustrative of the present invention but are not 
intended to limit the invention thereto. 

Previous studies with the Mycoplasma gallisepticum (MG) house finch-like isolate 
from an atypical outbreak in commercial turkeys gave encouraging results for the use of 
this strain (K5054) as a live vaccine in commercial poultry. 
Example V. Safety and Stability in Chickens 

Further studies were performed to demonstrated the safety and stability of the 
isolate in chickens. 

Trial 1: To further evaluate the safety and stability of K5054, the isolate was 
passaged 10 times in chickens. 

The chicken-passaged isolate of K5054 was not significantly in increased virulence 
as compared to K5054 and the virulent R strain. 

Experimental design: 

Commercial layer type chickens were challenged with K5054 via eye drop at three 
weeks of age. One week later tracheal swabs from these chickens will were used to 
inoculate 15 more chickens (3 weeks of age). This process was repeated until the isolate 
was passaged 10 times. An isolate from the 10 th passage was used in a challenge trial. 
Groups of 30 chickens were challenged via aerosol with K5054, K5054+10 or R strain. The 
response to challenge was compared to negative controls and evaluated 10 days post 
challenge by gross and histopathological lesions, as well as serological reactions. 
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Challenge 


No. of Birds 


Titer fccu/mn 

* * "w» 1 WW 1111 I 


K5054 


30 


2.31 xlO 8 


K5054+10 


30 


3.97x10' 


R 


30 


6.22 xlO 8 


None 


30 


N/A 



Results. The results of this challenge study are summarized in Figure 1 1 and 12. 
The air sac lesion scores of the K5054+10 group were not significantly different from the 
K5054 or negative control groups. 

Example VI. Persistence and duration of immunity 

The persistence of K5054 in the respiratory tract of chickens and the length of 
immunity elicited by a single K5054 vaccination were evaluated over a seven-month 
period. 

The results have so far indicated that up to 16 weeks post vaccination K5054 
persisted in the trachea of vaccinated chickens and elicited protective immunity. 

Experimental design. Commercial layer-type chickens were vaccinated with 
K5054 via aerosol at 3 weeks of age. These chickens were evaluated over a seven-month 
period by 5 periodical samplings for serology and tracheal culture for mycoplasma. Ten of 
the vaccinated chickens were removed at each sampling period and challenged with virulent 
R strain. The response to challenge was evaluated 10 days post challenge by gross and 
histopathologic^ lesions, as well as serological reactions. 
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Challenge 


Weeks Post- 
vaccination 


Titer (R) ecu/ml 


1 


4 


6.22x10" 


2 


8 


1.13 xlO y 


3 


12 


1.21 xlO y 


4 


16 


1.01 xlO" 


5 


28 


TBC 



Results. The preliminary results of this trial are summarized in Figures 13 and 14. 
The K5054 persisted in the trachea of birds vaccinated with K5054; it was isolated from 
100% of the tracheal swabs taken up to 12 weeks post-vaccination. The chickens vaccinated 
5 with K5054 and challenged did not have lesion scores that were significantly different from 
the negative controls. 

Example VII. Transmissibility 

To evaluate the transmissibility of K5054, chickens were challenged with K5054 
and placed in direct and indirect contact with naive birds. 

10 Experimental design. Five chickens were challenged with K5054 via eye drop at 3 

weeks of age (seeders). They were placed in a pen with twenty-five direct contact chickens, 
and adjacent to a pen containing thirty across-wire-contact chickens. An empty pen 
separated the seeders and direct contacts from a third group of across-empty-pen-contacts. 
R strain was used as a control in a similar design. The transmission rates of MG were 

15 evaluated by tracheal culture and serology over a 12-week period after challenge. 
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K5054 


R 










Across 
wire 
contacts 
(30) 


Seeders (5) + 
Contacts (25) 




Across 
empty pen 
contacts 
(30) 


















Across 
empty pen 
contacts (30) 




Seeders (5) + 
Contacts (25) 


Across wire 

contacts 

(30) 











Results. The results are summarized in Figure 15. The R strain spread to the direct 
contacts by 2 weeks post challenge. The other groups remained negative for MG at 4 weeks 
post challenge. 

Although preferred and alternative embodiments of the present invention have been 
described in the foregoing, it will be understood by those skilled in the art that the invention 
is not limited to the embodiments disclosed, but is capable of numerous modifications, 
rearrangements and substitutions of the component parts and elements without departing 
from the spirit of the invention. 

Certain modifications and improvements will occur to those skilled in the art upon a 
reading of the foregoing description. All modifications and improvements have been 
deleted herein for the sake of conciseness and readability but are properly within the scope 
of the following claims. 
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CLAIMS 
We claim: 

1 . A protective formulation for birds of the order Galliformes comprising a protective 
amount of a Mycoplasma gallisepticum bacterial strain 

having a RAPD pattern substantially corresponding to at least one of the band 
patterns of K5054, deposited at the ATCC, Patent Deposit Designation PTA-4507, 
as shown in Figures 1, 2, and 3, 

wherein the band pattern of K5054 in Figure 1 is generated using as a 
primer SEQ. ID NO: 4, 

wherein the band pattern of K5054 is generated using as primers SEQ. 
ID NO. 5, SEQ. ID NO: 6, and SEQ. ID NO. 7, 
wherein the band pattern of K5054 is generated using as a primer 
SEQ. ID NO: 8, 
and a pharmaceutical^ acceptable carrier. 

2. The formulation of claim 1, wherein the protective amount is that amount required for 
the Mycoplasma gallisepticum strain to colonize the upper respiratory tract of a bird. 

3. The formulation of claim 1, wherein the protective amount is between about 50 and 
about 50,000 ecu/bird. 

4. The formulation of claim 1, wherein the protective amount is about 5,000 ecu/bird. 

5. The protective formulation of claim 1, wherein the Mycoplasma gallisepticum bacterial 
strain has RAPD patterns substantially corresponding to at least two of the band patterns of 
K5054 as shown in Figures 1, 2, and 3. 

6. The formulation of claim 5, wherein the protective amount is that amount required for 
the Mycoplasma gallisepticum strain to colonize the upper respiratory tract of a bird. 
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7. The formulation of claim 5, wherein the protective amount is between about 50 and 
about 50,000 ecu/bird. 

8. The formulation of claim 5, wherein the protective amount is about 5,000 ecu/bird. 

9. The protective formulation of claim 1, wherein the Mycoplasma gallisepticum bacterial 
5 strain has RAPD patterns substantially corresponding to all three band patterns of K5054 as 

shown in Figures 1, 2, and 3. 

10. The formulation of claim 9, wherein the protective amount is that amount required for 
the Mycoplasma gallisepticum strain to colonize the upper respiratory tract of a bird. 

1 1 . The formulation of claim 9, wherein the protective amount is between about 50 and 
10 about 50,000 ecu/bird. 

12. The formulation of claim 9, wherein the protective amount is about 5,000 ecu/bird. 

13. A protective formulation for birds of the order Galliformes comprising a protective 
amount of a Mycoplasma gallisepticum bacterial strain that has a PvP surface adhesin gene 
with a nucleotide sequence with at least 98% homology to Sequence ID NO: 1 and a 

1 5 pharmaceutical^ acceptable carrier. 

14. The formulation of claim 13, wherein the protective amount is that amount required for 
the Mycoplasma gallisepticum strain to colonize the upper respiratory tract of a bird. 

15. The formulation of claim 13, wherein the protective amount is between about 50 and 
about 50,000 ecu/bird. 

20 16. The formulation of claim 13, wherein the protective amount is about 5,000 ecu/bird. 
17. A protective formulation for birds of the order Galliformes comprising a protective 
amount of a Mycoplasma gallisepticum bacterial strain that has a surface lipoprotein gene 
with a nucleotide sequence with at least 98% homology to Sequence ID NO: 2 and a 
pharmaceutically acceptable carrier. 
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18. The formulation of claim 17, wherein the protective amount is that amount required for 
the Mycoplasma gallisepticum strain to colonize the upper respiratory tract of a bird. 

19. The formulation of claim 17, wherein the protective amount is between about 50 and 
about 50,000 ecu/bird. 

5 20. The formulation of claim 17, wherein the protective amount is about 5,000 ecu/bird. 
21. A protective formulation for birds of the order Galliformes comprising a protective 
amount of a Mycoplasma gallisepticum bacterial strain with identifying characteristics 
similar to that of the K5054 Mycoplasma gallisepticum bacterium deposited at the ATCC, 
Patent Deposit Designation PTA-4507, and a pharmaceutical^ acceptable carrier. 
10 22. The formulation of claim 21, wherein the protective amount is that amount required for 
the Mycoplasma gallisepticum strain to colonize the upper respiratory tract of a bird. 

23. The formulation of claim 21, wherein the protective amount is between about 50 and 
about 50,000 ecu/bird. 

24. The formulation of claim 21, wherein the protective amount is about 5,000 ecu/bird. 



15 25. A vaccine for birds of the order Galliformes comprising a protective amount of a 
Mycoplasma gallisepticum bacterial strain 

having a RAPD pattern substantially corresponding to at least one of the band 
patterns of K5054, deposited at the ATCC, Patent Deposit Designation PTA-4507, 
as shown in Figures 1, 2, and 3, 
20 wherein the band pattern of K5054 in Figure 1 is generated using as a 



primer SEQ. ID NO: 4, 



wherein the band pattern of K5054 is generated using as primers SEQ. 



ID NO. 5, SEQ. ID NO: 6, and SEQ. ID NO. 7, 



wherein the band pattern of K5054 is generated using as a primer 
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SEQ. ID NO: 8, 
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and a pharmaceutically acceptable earner. 

26. The vaccine of claim 25, wherein the protective amount is that amount required for the 
Mycoplasma gallisepticum strain to colonize the upper respiratory tract of each bird. 

27. The vaccine of claim 25, wherein the protective amount is between about 50 and about 
5 50,000 ecu/bird. 

28. The vaccine of claim 25, wherein the protective amount is about 5,000 ecu/bird. 

29. The vaccine of claim 25, wherein the Mycoplasma gallisepticum bacterial strain has 
RAPD patterns substantially corresponding to at least two of the band patterns of K5054 as 
shown in Figures 1, 2, and 3. 

10 30. The vaccine of claim 29, wherein the protective amount is that amount required for the 
Mycoplasma gallisepticum strain to colonize the upper respiratory tract of each bird. 

31. The vaccine of claim 29, wherein the protective amount is between about 50 and about 
50,000 ecu/bird. 

32. The vaccine of claim 29, wherein the protective amount is about 5,000 ecu/bird. 
15 33. ™e vaccine of claim 

RAPD patterns substantially corresponding to all three band patterns of K5054 as shown in 
Figures 1, 2, and 3. 

34. The vaccine of claim 25, wherein the protective amount is that amount required for the 
Mycoplasma gallisepticum strain to colonize the upper respiratory tract of each bird. 
20 35. The vaccine of claim 33, wherein the protective amount is between about 50 and about 
50,000 ecu/bird. 

36. The vaccine of claim 33, wherein the protective amount is about 5,000 ecu/bird. 

37. A vaccine for birds of the order Galliformes comprising a protective amount of a 
Mycoplasma gallisepticum bacterial strain that has a PvP surface adhesin gene with a 
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nucleotide sequence with at least 98% homology to Sequence ID NO: 1 and a 
pharmaceutical^ acceptable carrier. 

38. The vaccine of claim 37, wherein the protective amount is that amount required for the 
Mycoplasma gallisepticum strain to colonize the upper respiratory tract of each bird. 
5 39. The vaccine of claim 37, wherein the protective amount is between about 50 and about 
50,000 ecu/bird. 

40. The vaccine of claim 37, wherein the protective amount is about 5,000 ecu/bird. 

41. A vaccine for birds of the order Galliformes comprising a protective amount of a 
Mycoplasma gallisepticum bacterial strain that has a surface lipoprotein gene with a 

10 nucleotide sequence with at least 98% homology to Sequence ID NO: 1 and a 
pharmaceutical^ acceptable carrier. 

42. The vaccine of claim 41, wherein the protective amount is that amount required for the 
Mycoplasma gallisepticum strain to colonize the upper respiratory tract of each bird. 

43. The vaccine of claim 41, wherein the protective amount is between about 50 and about 
15 50,000 ecu/bird. 

44. The vaccine of claim 51, wherein the protective amount is about 5,000 ecu/bird. 

45. A vaccine for birds of the order Galliformes comprising a protective amount of a 
Mycoplasma gallisepticum bacterial strain with identifying properties similar to that of the 
K5054 Mycoplasma gallisepticum bacterium deposited at the ATCC, Patent Deposit 

20 Designation PTA-4507, and a pharmaceutical^ acceptable carrier. 

46. The vaccine of claim 45, wherein the protective amount is that amount required for the 
Mycoplasma gallisepticum strain to colonize the upper respiratory tract of each bird. 

47. The vaccine of claim 45, wherein the protective amount is between about 50 and about 
50,000 ecu/bird. 

25 48. The vaccine of claim 45, wherein the protective amount is about 5,000 ecu/bird. 
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49. An essentially biologically pure culture oi * Mycoplasma gallisepticum bacterium with 
identifying characteristics similar to Mycoplasma gallisepticum strain K5054 as deposited 
with the ATCC, Patent Deposit Designation PTA-4507. 

50. A method for protecting a bird of the order Galliformes comprising administering the 
5 Mycoplasma gallisepticum formulation as recited in claim 1 to a bird after the bird hatches. 

51. The method claim 50, wherein the formulation is administered during the first 18 
weeks after the bird hatches. 

52. The method in claim 50, wherein the formulation is administered about at least 2 weeks 
after the bird hatches. 

0 53. The method of claim 50, wherein the bird is a chicken. 

54. The method of claim 50, wherein the bird is a turkey. 

55. The method in claim 50, wherein the formulation is administered to the respiratory 
mucosa. 

56. The method claim 50, wherein the formulation is administered by eyedrops. 

57. The method claim 50, wherein the formulation is administered nasally. 

58. The method claim 50, wherein the formulation is administered by aerosol. 

59. The method claim 50, wherein the formulation is administered by drinking water. 

60. The method claim 50, wherein about 50 and about 50,000 ecu/bird of the formulation 
are administered to each bird. 

61. The method of claim 50, wherein about 5,000 ecu/bird are administered to each bird. 

62. The method of claim 50, further comprising the step of administering at least one 
booster formulation to the bird. 

63. A method for protecting a bird of the order Galliformes against Mycoplasma 
gallisepticum, comprising 
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administering a non-immunopathogenic Mycoplasma gallisepticwn strain to a bird 
after the bird hatches, such that the strain persists in the respiratory epithelium of the bird 
and excludes other Mycoplasma gallisepticwn strains from the respiratory epithelium. 

64. The method of claim 63, wherein the non-immunopathogenic Mycoplasma 

5 gallisepticwn strain is a strain of similar identifying characteristics as strain K5054 
deposited at the ATCC, Patent Deposit Designation PTA-4507. 

65. The method of claim 63, wherein the non-immunopathogenic Mycoplasma 

✓ 

gallisepticum strain is strain K5054 deposited at the ATCC, Patent Deposit Designation 
PTA-4507. 

10 
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Lane 10= Negative 
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Figure 2 
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Figure 3 



3/10 



mi^e'dmmo o 6 mm 



THIS PAGE BUNK (uspto) 



WO 2004/006851 



10/520833 



PCT/US2003/022011 



X 
^3 



O 



§ 

1 

o 
oo 

O 

vo 



!3 



O 

CO 
<L> 
00 

G 
O 

e 

o 
S> 
o 

§ 
ee 

CO 

to 
« 
C 

35 



a 



a 

co 
On 



<D 
X 

S 

CO 

n 

o 
o 

1 

4> 

OD 
C 

o 

O 
*r> 

g, 

CO 

13 

i 
£ 



ELISA 


84 DPC 


4/8(0.69 
+ 0.90) 




0/6(0.00 
+ 0.00) 


70 DPC 


8/8 

(0.96 + 
0.59) 




0/6 

(0.03 + 

\J.\J0) 


56 DPC 


8/8(1.96 
+ 1.04) 




0/8 (0.56 
+ 0.16) 


42 DPC 


7/8 (0.96 
+ 0.56) E 


0/8 (0.08 
+ 0.03) 




r, g 


ND 


ND 






5 Q 


4/8 
(9.2) 




(00) 
9/0 


HI 


CJ 

o 

S Q 


0/8 
(0.0) 




(00) 
9/0 


U 

NO ft 


8/8 
(61.7) 




I I 




4/8 
(28.2) 


0/8 
(0.0) 






oo ro 


0/8 
(0.0) 




SPA 


Tf ft 

oo Q 


oo 




1/6 
(0.2) 


O 

o ft 


7/7 
(1.3) 




§ 1 


U 

so ft 


OO °> 

So a, 




§ f 




8/8 
(23) 


s? S 
o 2- 




< 

— CJ 
r>) On 
Q 


a 

go • 


0/8 
(0.0) 








K5054 


Neg. 
Controls 


Contacts 



o 

Al 

< 

a 

W 
-a 



o 



i 

-g 

-♦— » 

CO 

O 
CL 
co O 

* d 

Q * 

< CQ 



> 



CO 

O 

a, 



o 



.2 



b 



£ 

■£ 

E 
O 

Q 



Q 

§ 

•> 

a> 

1 



CO 

+ 1 

e, 

o 

I 



4/10 



THIS PAGE BLANK (uspt3» 



WO 2004/006851 



10/520833 



PCT/US2003/022011 



GO 

go 

a 

s 

a 

l 

• 

E 

<§ 
S 



I 



£ .s 

O ?3 

c is 

o OT 

— J3 

O *3 

bp 



o 

Is - 

a s 
g 

5 O 

■i & 

q ±4 



CO 

O 



oo 
OO 

§ 
ft 



-4— • 

G 
O 

O 

-a 



o a 

? 

CO ^3 
>» 

A o 
oo 

oo ^[ 

« £ 

^ cx 

•2 '3 



o 

OO 

O 



00 

a 

# o 

"go 



O 

I 

oo 



4> 
OX 

a 



o 



a> 



o 

£ 

<L> 

S 



43 



o 

o 

i 



o 

+ 1 

o 



< 

S2 



S3 



5 
o 



5; 
o 



oo 

+ 1 
5 



O 

CN 



ON 

m 



e 

vd 
on 



D 
3»" 



co 

o4 



5; 
o 



ON 



+ 1 
UO 

CN 



O 

o 

+1 

o 
o 
o 
o 



»/N 

o >^ 

^ CN 

— O 



vq 

CO 
CO 

5; 
cn 



1 



CO 

& 

o 



CO 
CO 



ON 
CO 



+ 1 

CN 



p 
o 
+ 1 
o 

CO 
CO 



+1 

CO 

CO 
CO 



CO 

o 



o 
o 

co 

CO 



CO 
CO 



<N 



ro 

O 



cn 
O 



co 
SO 

O 
+ 1 
co 

CO 



p 
o 

+1 

O 

o 
o 



+1 

p 
o 

ro 
O 



o 
o 



o 

ro 
O 



4> 



2 
c 
o 
U 



O .S3 



Al 
g 

I 

00 

© 

Al 

< 

V) 

m 



Al 



o 

e 



O 

o 
oo 

■a 



% 6b 



C 

o 
a 

I? 



e 

u 

CU 

s 

o 

<u 

o 



oo 
o 
o 



••a 
1 

o 

i 



t 



5 E 



CO 



+1 



CU 

B 



Q 

oo 

+1 

£ 
o 
o 
oo 



oo 2 



5/10 



JAW 2005 



THIS PAGE BLANK (MSpto> 



WO 2004/006851 



0/52083 

PCT/tS2003/022011 



OA 

rrt 



1 
o 



J3 
§ 

1 

.2 

CO 

g 

in 
O 

a- 
a 



<+-< 
o 

CO 

<D 

CO 

C 

O 

& 

2 

13 
o 

"5b 
o 

1 

CO 

(m 
C3 

CO 



ELISA 


35DPV 


7/10 (0.86 
±0.86) 


3/10(0.32 
±0.19) 


N/A 


0/5 (0.19 ± 
0.01) 


10DPV 


o 

£ © 
s +1 

© 


1/16 (0.33 
5.08) 


11/15(0.87 
±0.73) 


0/16 (0.44 
±0.01) 


a 


35DPV 


1/10(11.8) 


3/10 (24.6) 


N/A 


0/5 (0.0) 


10DPV 


o 

o, 

SO 


0/16 (0.0) 


5/15 (20.6) 


0/16(0.0) 


SPA 


35DPV 


8/10(24) 


10/10(3.0) 


N/A 


0/5 (0.0) 


< 
> 

Q 
o 


so u 

S e 


2/16(0.1) 


15/15 (3.0) 


0/16(0.0) 


Vaccine/ 
Challenge 




TS-11 


K5054 




Neg. 
Controls 



vo 
o 

Al 

< 
CO 

w 

1 

% 




Q 

w 
C 

o 



> 

•8 
s 

+1 



o 

I 

CO 



6/10 



THIS PAGE BLANK <msfio> 



10/52083 

WO 2004/006851 PCT/US2003/022011 



•s 

00 

c 

■s 

c 

"3 
o 

S 
ex 

•3 
o 



S 

<i 

a 
o 



S 



o 

2 
•a 

CO 

2 
o 
o 

CO 

c 
o 



CQ 

OO 

a> 



CO 

<D 



o 

. CO 



Pi 



CO 

o 



a 
o 

• 1—1 
-«— » 

'o 

CO 

>— I 

o 

s 



<L> 

I 



o 



OO 



4) 

C 

-Si 

u 

i 

> 



CO 

O 

CO 



CO 

g 



13 

CO 

O 

s 



so 
o 



VO 



VO 
VO 



vo 
VO 



CO 
CO 

•8 



< 

8 

00 



+ 1 

oo 

CO 

vd 
o 

+1 

o 
o 



+ 1 

On 



O 
O 
+ 1 

o 

vo 
o 



co 
oo 



+1 



4-1 
oo 



cn 



VO 

o 



VO 
O 



+ 1 

co 
CM 

vd 



O 

o 

+1 

o 
o 

VO 



c 

'I 



00 

H 



cr» 
o 



O 

GO 
CD 

S5 



"<4- 
O 

o 
6 
<§ 

o 
o 

CO 



o 

"B* 
o 
o 

CO 

1 

< 



CO 

-*-» 

•a 

§■ 
§> 

<D 

pg 
•♦— • 

c2 

CO 
CO 
<D 

S 

Ctf 
CO 



Al 

s 

o 
o 

CO 

g 

CO 



CO 



CO 



O 

6 



CO 


Q 




oo 


t > 


+1 


*"*— » 


CD 


" CO 




O 


o 


CL 
Cm 


O 

CO 


O 




No. 


Me 



2 

S 

01 

E 



7/10 



OTttteVJ^piD o 6 JAN 200$ 



THIS PAGE BLANK (usptd> 



• • 10/520833 

WO 2004/006851 PCT/US2003/02201 1 



CO 

O 

a, 

cd 



co 

& 
J* 

s 

s 

<§ 

.2 

CO 



.1 



O 

0 



CO 

2 
o 

o 
co 

o 



CO 

<U 

CO 

C 



t 



cd 
u 

'5b 
o 



CO 
CO 



a 

o 

-2 

"3 



o 



CO 
CO 

3 



3 



cd 

-a 



O 

CO 

00 



cn 



t5 



o 



a> 

CO 

O 
O 

s 



o 
o 
CO 



CO 

<t> 



CO 

-J 
w 



8 * 



cd 
*0 



o 

CT> 

fed 

? 
1 



cd 
C 

o 
cd 
> 



*© 

CO 



to 

+ 1 



3^ 

o 
+1 



o 
o 
+1 

o 



VO 

m 

^* 

+ 1 

r*- 
oo 

o 



to 

+ | 

CM 



ON 

o 

+1 



s 



+1 

ON 
CM 

od 



o 
o 

+1 

o 
o 



o 
o 

+1 

oo * 

vo 

o 



o 
o 



o 



o 
o 



< 

Ou, 
CO 



o 

cn 



o 

s 

O 



2 



in 
o 



C 

o 

a 

00 

2 



o 

Al 

< 

CO 

w 



o 

Al 



Al 




0 -S 
B §■ 

! i 

1 J 

O Uj 

*T2 CO 

5 g 

o 



to 



o 
6 



CO 

> 



O 



ft 
§ 



Q 

w 

o 
cd 

1 

■s 



o 

CO 

§ 

cd 

2 



o 

3 



CO 

O 



OX) 

? 



CO 



a 

o 

i 
& 

o 
O 



CO 

+1 

s 



Q 

CO 



5 * 
6^ «S !> 



OO 

cu 
s 

OJ 

s 



8/10 



^■^jjfitf 0 6 JAN 2005 



THIS PAGE BLANK (us-,j) 



WO 2004/006851 



10/520 

PCT/US2003/022011 



o 
S 

o 
a 

i 

CO 



CO 

o 

& 

-a 



co 

a 



CO 

<D 
00 

§ 

CO 



O 

•5b 
o 

1 

CN 



a. 

x 
w 

« 



W 

co 



*co ^ 

^ co 

3 g 



co 
O 

CO 

3 



X5 — ' 



« £ 2 

u o a 

h 3 0 

8 8 3 



00 
co 

m 
m 



00 
co 

00 



csj 

ON 

+ 1 
CN 
CO 



00 p 
co ^ 

o 



vo 
o 



+1 

3 



00 

CO 

00 

CO 



CO 

00 

ro 
ro 



P 
o 

CO 

OO 
CO 



Pi 



Os 
O 



as 



+ 1 
00 
CN 



O 

as <=> 

o 
o 



to 

o 
+1 

CO 
CO 



00 



o 
o 



Os 

o 



00 

CO 

o\ 

Os 



I 



CO 

H 



ON 
CO 

vo 

CO 



Os 

CO 

Os 

CO 



Os 
CN 

+1 

00 
00 
00 



IT) 

c^O 
CO +1 

o 



+1 

00 
00 



Os 
CO 

o\ 

CO 



CO 

On 
CO 

CN 
CO 



o 

OS 

co 

0\ 
co 



o 

O 



o 
o 



CO 

o 



o 

O 



CN 



+ 1 
o 



o 
o o 

Si 1 

o 



o 

+1 

CN 
CO 



Os 
«rs 



O 

o 
o 



o 
2 



GO 

§ 



o 



O 

o 



CN 
CN 

+ 1 

CO 
CN 



o 

+1 

Os 
CN 



CN 
O 



+ 1 
OO 
CO 

co^ 
O 

o 



NO 

co^ 

OO 
co 

co 
CO 



o 
o 

O 



CN 
co 



CN 



+1 
SI 

SO 



o 

CN O 
O 



uo 
o 

o 

CO 



CN 
CO 



O 
O 



CN 
co 



o 
o 



CN 
CO 



.3 

o 



i 

2 8 



VO 

o 

Al 
< 

w 

0 
Al 



Al 
CO 




§ <d <8 2 



to ,0 

" s> « 

^ M 



8-S 



« 55 > -S 
0.0 g W) " 

§S 8-SP i 

< co o Q m u. o 



S 



9/10 



flfltfd ^pTO 0 6 JAH 2005 



THIS PAGE BLANK cwo> 



WO 2004/006851 



10/520833 



PCT/US2003/022011 



co 
O 

rx 

& 

T3 



L. 



<g 

E 

.8 

.CO 

o 

§ 

M 

*© 

CO 



O 

<L) 

2 



1 

CO 

C 

o 

"to 

<L> 



CO 

<u 

CO 

a 
o 

rx- 

CO 

o 

•5b 
o 

1 

00 

CJ 
C3 
O 



oi 
co 



a 
o 

"S 

.S 

g 
> 

CO 

o 

CX 

CO 

v© 
td 
C 

J3 

CO 

43 



© 

to 



C3 



n 

CQ co 
CO 

© a 
ago 



a 

co £ 



12 



© 

CO 



s 

© 

o 



H 



co 



+ 1 

oo 
cn 



CO 



oo 



oo 



CN 
+ 1 

o 

On 



o 

+1 

CO 



CN 



ro 



OO 



to 
o 

co 

fed 



o 

CN 

c3 

CN 



o 

CN 

o 

CN 



v© 
CO 

+1 
o 

CN 
CN 



O 

+ 1 
CO 
CO 

o 

CN 

o 

CN 



ON 

o 



CN 



o 



<N 



o 

CN 



<=> 

cn 
o 

CN 



-© 

<L> CO 

a 2 

<5 is 

13 o 

43 CJ 



o 

CN 
O 



o 

CN 



o 

CN 

+ 1 
CO 
CO 
CO 



O 
O 
+ 1 

o 
o 

CN 



*o 
o 
o 

+1 

CO 



o 
CN 



o 
o 



o 

CN 



o 
o 



o 

CN 



£ S 
00 g 

2 O 



VO 
O 
Al 

< 
OO 

a 

O 



Al 
< 
oo 



© 

43 



co 

CO 

CU 

o 



2 
o 

6 

8 

CO 

73 
o 



Al 

2 
o 

o 

CO 
CO 



CO 



CO 

•8 

CO 

© 

© 

i 

© 



> 



+ 1 "55 

I § 

co tX 



CU 



CO 

6 

i 

6 



c 
o 



13 



a :s 3 



o 

CT3 



CO 

© 

fX 



oo 



Q 



Q 

a 
© 

i 



+1 



s 

O 

I 

00 



2 

00 



co 

<u 
> 



04 



10/10 



OT12Rec , dl^pPT0 0 6 JAN 2005 



THIS PAGE BLANK *jspw> 




WO 2004/006851 

SEQUENCE LISTING 

<110> Kleven, Stanley H. 
Ferguson, Naola 



<120> 


Mycoplasma gallisepticum Formulation 


<130> 


1700-002 






<160> 


8 








<170> 


Patentln version 3.1 




<210> 
<211> 
<212> 
<213> 


1 

570 
DNA 

Mycoplasma gallisepticum 




<400> 1 
ctgaagttaa 


gactgaacaa 


ttaattggca 


(JcHJaaL tayi 


ctcaagctgt 


aggtactgaa 


gaagttcaag 


rrt* rrt* 1- t- 1- a t- 1- 


cggaaatgcg 


tccagctcct 


tcaccaatgg 


guagcccuaa 


ctggtcatcc 


acaacacgga 


ccacgtccga 


tgaatgctca 


aacaagctgg 


cccacgtcca 


atgggagctg 


gtggatctaa 


atggtccaca 


aaacccacaa 


ggtccacgac 


caatgaaccc 


gaccagctgg 


ccaacgacct 


aacggcccac 


aaaattctca 


gcccacgtcc 


aatgggagct 


ggtagatcta 


accaaccaag 


aaaaacaaca 


aggtccaaga 


ccaatgaacc 


ctgaaggcaa 


gtgtcagacc 


taacagccca 


caagctacca 




<210> 
<211> 
<212> 


2 

698 
DNA 









<213> Mycoplasma gallisepticum 
<400> 2 

cgagaaaata agaacttact agcgttcata tttttactca 
tctgatttcg aagaatcaac tgtcttcatc ccatttcatt 
ttagttccag ctgctaaatc tgcataagca ttgtaatatg 
tcacctgttt ttaataatga attattagta atcttttgtg 
ccatttccct tagctctaat gaaattattc atcagattga 
attacaccaa cgttatcacg gttagtatta ttagtttgtt 
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aacaactgat 


gtagctagca 


60 


acctcctagt 


caacaaccaa 


120 


gttattaggt 


ccaaaccaag 


180 


tccaggtcaa 


ccacgtcctc 


240 


ccaaccaaga 


ccaatgccaa 


300 


tcaaggcaat 


cctcgtcctg 


360 


accacgtcct 


caacaagctg 


420 


accaatgcca 


aatggtccac 


480 


tcctcgtcct 


caaccagctg 


540 






570 



tgacattcgt 


tgatgaatta 


60 


caaagatttc 


gtggatatct 


120 


gatcagtagt 


tcgattcgtt 


180 


agtaggtgtt 


ggctgtgtta 


240 


tctcatcaat 


atctgattga 


300 


ttaaatattg 


ttgaacataa 


360 
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gctgcactaa atgatacgtc aaaactatta aacatatcag aagcagtcat taacaactta 420 

ccaccagaat ctgatgataa gttgttggga atattaatcc ctttagttgt actatttaca 480 

taactgtcca accctctagt aatgaattgg ttataagctc tcatcccctt gttttcatca 540 

aaaggttggt ctttgggatt tttaaatgct tggaaattat aacttgctac taatgctgtt 600 

gagctaacag tacgatcatt aaagatcgaa tttagtccat ctttaggagt atcgctggta 660 

aaaacaattc ttgaaactaa attagggttt tcatcagt 698 

<210> 3 
<211> 334 
<212> DNA 

<213> Mycoplasma gallisepticum 
<400> 3 

tttctagcgc tttagcccta aaccctaacc gaattactaa cccattaatg aatagagata 60 
acgtaatcgg tcaaggtgcg ttcattagta gaaatgatat tccatcatca ttctttgaaa 120 
acaaaattaa tgatattgta actacagaag ctgatggtaa agaagtatta gatagtaaat 180 
acattaattc aatctataga tatactccac ctcaaaacaa tcctgatatt agattaagat 
tattagtaat tgatcgttct agagcaacta atgacttcat taagttatta cctcaagtat 
tagttgatgg cgaatacgtt gctgttccac aaga 



<210> 4 

<211> 10 

<212> DNA 

<213> Mycoplasma gallisepticum 

<400> 4 
cccgtcagca 



<210> 5 

<211> 17 

<212> DNA 

<213> Mycoplasma gallisepticum 



<400> 5 

aggcagcagt agggaat 



<210> 6 

<211> 13 

<212> DNA 

<213> Mycoplasma gallisepticum 

<400> 6 



240 
300 
334 



10 



17 
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gtaaaacgac ggc 



13 



<210> 
<211> 
<212> 



7 

20 
DNA 



<4l3> 




g^i 1 1 i. s sp t i cum 



<400> 7 

cataactaac ataagggcaa 



20 



<210> 8 
<211> 10 
<212> DNA 

<213> Mycoplasma gallisepticum 
<400> 8 

ccgcagccaa 10 
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